Summary To investigate whether the high frequency of human papillomavirus infection in butchers may be linked to their higher than average incidence of lung cancer, we have examined lung cancers from 40 butchers and 26 controls for the presence of DNA from both HPV type 7, which is found almost uniquely in hand warts from butchers and fishermen, and for those HPV types associated with laryngeal and genital cancers. No HPV 7, and only a low frequency of HPV DNA was found, suggesting that HPV infection does not make an important contribution to the elevated levels of lung cancer in meat handlers. In addition, the frequency of p53 mutation was shown to be slightly lower than previously reported in lung cancers.
Butchers and slaughterman are reported to have an unusually high incidence of lung cancer. The evidence for this comes from analyses of occupational mortality, cancer registrations, case-control and cohort studies, and it is remarkably consistent, although there are some conflicting reports (Coggon et al., 1989) . The reasons for the raised incidence are unclear. It may occur because meat workers smoke more than average, but an occupational hazard is also possible (Johnson, 1994) . In particular, it has been proposed that a papillomavirus is responsible (Benton, 1994) .
Viral warts are abnormally common on the hands of butchers (Litt, 1969; de Peuter et al., 1977) , and much if not all of the excess prevalence is attributable to infection by the papillomavirus, HPV 7 (Orth et al., 1981; Ostrow et al., 1981; Rudlinger et al., 1989) . This virus, which rarely causes warts other than in butchers (Melchers et al., 1993; Keefe et al., 1994a) , has closest sequence homology and phylogenetic similarity (van Ranst et al., 1992; Delius and Hoffman, 1994) to both HPV 40 (also a member of HPV group F) and the HPVs (particularly HPV 11) which are associated with benign and malignant disease of the urogenital tract, namely HPVs 6, 11, 16, 18, 33 and 35 (zur Hausen, 1988) . In this respect it is similar to HPV 2, which is capable of infecting keratinised and non-keratinised epithelium (Orth et al., 1977; de Villiers et al., 1985; Adler-Storthz et al., 1986; Greenspan et al., 1988) . HPVs in this 'mucosal' group are regularly detected in benign and malignant lesions of the upper respiratory tract, and have occasionally been found in lung tumours (Mounts and Shah, 1984; Levi et al., 1989; Carey et al., 1990; Guillon et al., 1991; Yousem et al., 1992) . HPV 7 has not been detected in lung cancer to date, but there is clear evidence that it can infect oral mucosa as it has been detected in oral lesions in patients with acquired immunodeficiency syndrome (AIDS) (Greenspan et al., 1988; Syrjanen et al., 1989) .
To test the hypothesis that papillomaviruses, and specifically HPV 7, are a cause of lung cancer in meat workers, we have determined the prevalence of HPV DNA from a number of human papillomaviruses in archival sections of butchers' lung carcinoma as compared with-lung cancer specimens from non-butchers. In addition, we have looked for the presence of p53 mutations in the same tumours. Such mutations are frequently found in bronchial carcinoma (Chiba et al., 1990) but are often absent in HPV-associated cancers (Crook et al., 1991; Busby-Earle et al., 1994) . an optimised magnesium concentration was also prepared in a separate hood. For each virus-specific reaction, the master mixture also contained appropriate 20 bp primer pairs (Table  II) at a final concentration of 0.2,LM. The master mix was aliquoted into 90 tll in separate Eppendorf tubes and overlaid by addition of paraffin oil. Specific magnesium chloride concentrations were optimised for each of the PCR primer pairs used in the reaction, and these are listed together with the DNA sequences for these (Table III) We also tested for p53 mutation, which has been suggested as an important mutagenic step in the development of lung cancers. Specific primers for exons 5, 7 and 8, which should encompass approximately 80% of p53 mutations detected to date in lung cancers (Hollstein et al., 1994) , were used in the PCR amplification. The average frequency of p53 mutations in exon 6, the only other significant hotspot, is about 13% in lung cancers. Because of shortage of material and the requirement to use the same samples for both HPV detection and p53 detection, the total number of samples amplified for all the p53 primers in this group was only 46.
Materials and methods
After PCR amplification of exons 5, 7 and 8 of p53, abnormal SSCP mobilities, implying gene mutations, were observed in nine (six squamous carcinomas and three tumours for which no detailed histology report was available). Seven mutations were found in exon 5, two in exon 7 and none in the region containing exon 8 (summarised in Table III ). An example of the p53 amplification and SSCP is shown in Figure 2 . This shows a clear shift in the pattern of fragment mobility on the SSCP gel after denaturation and refolding of the DNA fragments. All of the potential p53 mutations were confirmed by direct DNA sequencing of the PCR products, and in all cases substantial signal from the normal allele was also present, which indicated that most of the tumours were mutant/normal heterozygotes. No individual tumour sample in which a p53 mutation was detected (9/46) also contained HPV DNA (6/ 46). Given the low positive rates, however, this is not statistically significant.
Discussion
This study provides no evidence that HPV 7 or the other HPVs tested are important causes of lung cancer in butchers. The initial screen, using a consensus primer pair, showed that only a small proportion of lung tumours contained HPV DNA. This is entirely in agreement with previous work (Bejui-Thiviolet et al., 1990 ) and another recent PCR-based study of lung cancers from the general population (Shamanin et al., 1994) . The PCR method that we used is sensitive enough to detect between one and five viral genomes in a large excess of cellular DNA, but only six cases of HPV infection were found, and further studies with type-specific primers detected no evidence of HPV 7. HPV 7 is so common in butchers that most of the butchers studied are likely to have been exposed to the virus. In a recent survey, 34% of a butcher population had a history of wart infection (Keefe et al., 1994a) . From this we would estimate that some 15-25% of them would have had HPV 7-associated hand warts at some stage in their working lives. Moreover, if HPV 7 were the explanation for the more than 50% excess of lung cancer that has been reported in butchers, then this virus would have been expected in at least 13 of the 40 butchers' tumours examined.
It remains possible that HPV 7 could initiate the carcinogenic process in a 'hit and run' fashion, and not be present or expressed in the resulting tumour. This mechanism has been proposed in bovine alimentary tract carcinomas, in which BPV4 is detected in non-malignant papillomas, whereas viral DNA is completely absent in the tumours which develop as a consequence of the action of a chemical co-carcinogen (Campo et a!., 1985) . Since we have not studied putative precursor lesions, we cannot eliminate this possibility for HPV 7. Also, since our PCR primers for HPV 7 detection were located in the L2 open reading frame (ORF), a region which is frequently eliminated from highrisk HPV types in cervical cancer upon integration into the cell chromosome, we cannot eliminate the possibility that only the HPV 7 E6 and E7 ORFs for example have been retained in the butchers' tumours. However, in cervical tumour biopsies, between 30% and 90% of cases contained episomal full-length HPV genomes along with the integrated viral genes (Fuchs et al., 1989; Matsukara et al., 1989; Kristiansen et al., 1994) . If the same situation were to apply in the butchers' tumours, then at least a proportion of the carcinomas would have retained the L2 ORF of HPV 7, were it an important aetiological agent.
Mutations in the p53 gene were detected by SSCP analysis in 22% of the butchers and 9.5% of the controls. Previous studies suggest that at least 50% of lung cancers have p53 mutations (Chiba et al., 1990; Charles et al., 1991; Takahashi et al., 1992) . Given that SSCP is capable of detecting approximately 80% of potential mutations (Hayashi, 1991) al., 1994) . In our study no HPV DNA-positive carcinoma contained a detectable p53 mutation. The p53 protein can be bound and its degradation accelerated by the HPV E6 protein from high-risk HPV types (Scheffner et al., 1993) , but the low level of HPV detection in this study indicates that HPV infection is probably not the reason for the lower frequency of p53 mutation observed. Interestingly, both p53 mutation and HPV detection were confined to squamous cell carcinoma and were completely absent from samples of normal lung (data not shown) and other histological types of tumour, although the numbers of non-squamous cell carcinomas were small.
If HPV 7 is not commonly associated with lung cancer in butchers then how can the apparent excess of cases be explained? In a recent study (Keefe et al., 1994a, b) we found a 50% prevalence of smoking in a sample of 486 butchers. This is higher than in the general population of Britain (average around 33%), and high rates of smoking might account for the raised incidence of lung cancer. Alternatively, there could be a chemical carcinogen in the workplace (Johnson, 1994) . Possible candidates include the polycyclic aromatic hydrocarbons produced when meat is smoked, nitrites used in the preservation of some meats and fumes from plastic used to wrap meat. However, current epidemiological evidence does not point strongly to any of those as the culprit.
